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Figure S1 related to Figure 1
A. shX or sh-PIP4K2B C2C12 cells were differentiated for the number of hours indicated. The cells were fixed and stained with propidium iodide and analysed by flow cytometry. B. shX or sh-PIP4K2B C2C12 cells were differentiated for the times indicated after which nuclei were isolated and analysed by immunoblotting with the indicated antibodies. The first lane shows the presence of the proteins in a total cell lysate. C. shX or sh-PIP4K2B C2C12 cells were differentiated for two days after which nuclei were isolated and the mass of lipids was determined by mass spectrometry. The data are normalised to an internal standard and represent the mean of triplicates +SD (arbritary units). D. shX or sh-PIP4K2B C2C12 cells were differentiated for the times shown and gene expression levels were determined by QRT-PCR as indicated. The data represent fold changes compared to the 0 hour shX sample and represent the mean of triplicates +SD. E. shX or sh-PIP4K2B C2C12 cells were differentiated for the times shown and gene expression levels were determined by QRT-PCR as indicated. The graph on the right shows the expression of PIP4K2B in the cell lines at the times indicated after differentiation. The data represent fold changes compared to the shX sample and represent the mean of triplicates +SD. F. C2C12 were depleted of PIP4K2B using three different targeting constructs and representative images of myotube formation are shown. The knockdown efficiency is shown in Figure S1E . G. shX or sh-PIP4K2B C2C12 cells were transduced with control vector (PB) or with a rescue vector encoding a fusion protein of PIP4K2B /2A. The cells were differentiated for 48h before expression of MYH and MYL was quantitated by QRT-PCR. The data represent fold changes compared to the shX sample and represent the mean of triplicates +SD. H. shX or sh-PIP4K2B C2C12 cells were differentiated for six days after which myotubes and reserve cell populations were isolated by limited trypsinisation and replating. RNA was isolated and the expression of the indicated genes was determined by QRT-PCR. The data represent fold changes compared to the proliferating shX sample and represent the mean of triplicates +SD.
Figure S2 related to Figure 2
GST fusion proteins with characterised lipid interaction domains were purified and used to determine their interactions with PI presented on a micellar SPR chip surface. GST-PLC1 PH domain interacted strongly with PI(4,5)P2 and the 2XFYVE domain interacted strongly with PI3P as expected. The 2XPHD finger of ING2 showed interaction in this assay with PI5P, PI3P and PI(4,5)P2.
Figure S3 related to Figure 3
A. The cysteine zinc finger mutant of the PHD finger of TAF3 was analysed for its interaction with PI. Wild type TAF3 PHD finger interacted strongly with PI (left panel) while the zinc finger mutant interaction was severely compromised (right panel). The zinc finger mutant was also compromised in its interaction with H3K4me3 (data not shown). Residues in red indicate cysteine or histidine that were converted to serine residues. B. Cartoon depicting the structure of TAF3 and the sequence of the extended PHD finger including the PBR region (highlighted). Bold residues indicate amino acids that constitute the canonical zinc finger interaction residues. C. Sequences depicting the deletion mutants and mutants within the PBR used to determine exactly how TAF3 PHD finger interacts with PI. The gels show purified protein of the various mutants. D. Upper panel shows the interaction of the deletion mutants with PI while the lower panel shows a subset of the PBR point mutants and their interaction with PI. E. The interaction of various mutants with either PI or with histone peptides is summarised in the table. Increasing number of ticks refers to increased strength of interaction, while an X indicates no interaction.
Figure S4 related to Figure 4
A. Control cells (A) or cells with TAF3 knocked down (B) were differentiated for the days indicated after which RNA was extracted and the expressions of the indicated genes (above) were determined using QRT-PCR. The data represent fold changes compared to the 0 shX (A) sample and represent the mean of triplicates +SD. B. Wildtype or sh-TAF3 C2C12 cells were rescued with wildtype (WT-TAF3) or mutants which only maintain H3K4me3 (KK-TAF3) or PI interaction (DW-TAF3), respectively. Cells were differentiated for 5 days and analysed by widefield microscopy. Arrows denote easily observable myotubes.
Figure S5 related to Figure 5
A. sh-TAF3 C2C12 cells were rescued with either empty vector,WT-or KK-TAF3 and then transduced with a control sh-RNA (shX) or with an sh-RNA targeting PIP4K2B (sh-PIP4K2B). Cells were then differentiated for 3 days before TAF3 or PIP4K2B expression (as indicated) was assessed by QRT-PCR. The data represent fold changes compared to the EV-shX (EV 1) sample and represent the mean of triplicates +SD. B. sh-TAF3 C2C12 cells were rescued with empty vector (EV) or with WT-or KK-Ha-tagged TAF3. Cell lysates were immunoprecipitated using an antibody against TAF3 and immunoblotted using an antibody against HA. C. sh-TAF3 C2C12 cells were rescued with either empty vector (EV), WT-or KK-TAF3 and then transduced with a control shX vector (1) or with a sh-RNA targeting PIP4K2B (2). Cells were differentiated for the days indicated before gene expression levels were assessed by QRT-PCR as indicated. The data represent fold changes compared to the 0 day EV-shX sample and represent the mean of triplicates +SD. D. sh-TAF3 C2C12 cells were rescued with either WT (wt) or KK-TAF3 (kk) and then transduced with a control RNAi vector (shX) or one targeting PIP4K2B (sh-PIP4K2B ). Cells were differentiated for the number of days indicated, and expression levels of MYOD or PIP4K2B were analysed by QRT-PCR. The data represent fold changes compared to the 0 day shX sample and represent the mean of triplicates +SD.
Figure S6 related to Figure 6
A. Principal component analysis of the microarray gene expression data using the top 500 most variable genes. Each point represents a single array from sh-TAF3 C2C12 cells rescued with WT-TAF3 (green), WT-TAF3 and depleted of PIP4K2B (red) or KK-TAF3 and depleted of PIP4K2B (blue) ( Figure 6A ). The analysis shows a high degree of coherence between biological replicates and clearly shows separation of cells based on their genotype. For example, PC3 describes variation dependent on the expression of PIP4K2B but not dependent on the PI interaction site of TAF3. PC4 defines variability that depends on both expression of PIP4K2B and the interaction of TAF3 with PI. B. Gene set enrichment analysis (GSEA) was used to identify gene expression programmes that are differentially regulated in two different conditions. Enrichment of gene sets is observed as a polarised presence of members of the gene set in a ranked list of expression differences. A gene set containing genes upregulated after myogenic differentiation of C2C12 cells (top panel) and genes induced by MyoD overexpression (bottom panel) were highly enriched in sh-PIP4K2B compared to shX C2C12 cells (left panel) and in WT-compared to KK-TAF3 C2C12 cells (right panel). This data illustrates that knockdown of PIP4K2B compared to control or expression of WT-compared to KK-TAF3 enhance the myogenic gene expression programme during differentiation. C. Comparative expression analysis identified genes that were regulated by PIP4K2B knockdown or by the expression of KK-compared to WT-TAF3 in sh-TAF3 C2C12 rescue cells after differentiation for two days. The expression levels of 550 genes changed upon knockdown of PIP4K2B (p<0.05 and more than 1.4 fold difference), of which 331 were up regulated. 202 genes were differentially expressed in WT-compared to KK-TAF3 sh-TAF3 C2C12 rescue cells (1.4 fold cut off and p<0.05). A highly significant number of 63 genes formed the overlap between PIP4K2B-and KK-regulated gene sets (representation factor 11.9 and p<3.79e -50 ). A representation factor above 1 suggests more than the expected overlap. The probability factor is based on exact hypergeometric probability with normal distribution http://nemates.org/MA/progs/representation.stats.html). D. Comparative expression analysis identified genes that were regulated by PIP4K2B knockdown or by the expression of KK-compared to WT-TAF3 in sh-TAF3 C2C12 rescue cells after etoposide treatment. 236 genes were differentially expressed upon PIP4K2B knockdown, while 127 genes were differently expressed in WT-compared to KK-TAF3 sh-TAF3 C2C12 rescue cells, with a highly significant overlap of 30 genes between the two gene sets (representation factor 21, p<2.89e -31 ).
Figure S7 related to Figure 7
A. HEK293 cells were transfected with TAF3 PHD finger constructs indicated (right) and lysates were used for affinity chromatography with beads coupled to unmodified histone H3 peptide (H3) or modified by trimethylation at lysine 4 (H3K4me3) or at lysine 9 (H3K4me3). Bound proteins were separated by SDS-PAGE and assessed by immunoblotting using an anti-HA antibody. The right panel depicts the input of the various TAF3 proteins. B. HEK293 cells were transfected as indicated (bottom) and then immunoprecipitated with the antibodies indicated on the left and bound proteins were assessed using SDS-PAGE and immunoblotting with the antibodies indicated on the right. The lower panel shows the expression of the various proteins in the input lysates.
C. HEK293 cells were transfected as indicated (bottom) and immunoprecipitated with the antibodies shown on the left. Bound proteins were assessed by SDS-PAGE and immunoblotting with the indicated antibodies (right). D. Increasing concentrations of WT-TAF3 PHD finger was assessed for its interaction with fluorescent H3K4me3 peptide in the absence (red line) and presence of PI5P (blue line) and PI(4,5)P2 (green line). The data demonstrate that both PI5P and PI(4,5)P2 decrease the interaction between TAF3-PHD finger and H3K4me3. E. TAF3 Chip analysis at the promoter of the MYOG gene of shX or sh-PIP4K2B C2C12 cells before and after myoblast differentiation for 48h or 72h. The data is represented as fold enrichment over the shX control and are mean+SEM (n=2). F. An alignment showing the strong evolutionary conservation of the PBR of the TAF3 PHD finger from various organisms. G. Zebrafish embryos were injected with either a control morpholino (MO) or a PIP4K targeting morpholino (PIP4K MO) with or without RNA encoding the wild type human PIP4K2A (WT-PIP4K) or the kinase inactive enzyme (KD-PIP4K) and were collected 48h post fertilisation. PIP4K MO induces a developmental phenotype observed in approximately 70% of fish. The rescue was observed in 80% of injected fish with WT-PIP4K RNA but only in approximately 10% injected with the mutant kinase inactive PIP4K RNA. H. Control zebrafish embryos (cont) or embryos injected with 3.5ng PIP4K MO were collected 24h post fertilisation and assessed for the expression of the TAF3 dependent transcription factor mespa and for direct Mespa downstream gene targets scl and lmo2. The data represent fold changes compared to the control samples and represent the mean +SD of triplicates. The data were normalised to the housekeeping gene GAPDH. I. Zebrafish embryos were injected with a control-or PIP4K MO. Embryos were collected 24h post fertilisation and stained using F59 (MYHC). Representative images of the disruption of the myosin filament architecture by the indicated injections are shown. The severity of the phenotypes were categorised into strong and weak and presented graphically. The number of injected embryos is indicated above the graph.
Table S1 related to figure 2. Table S1 summarises the interaction of the various PHD fingers with PI as assessed by either lipid dot blot or SPR analysis as well as their interaction with unmodified and methylated histone h3 tails. Column 1 numbers corresponds to numbers under the gel picture in Figure 2A . Of the 32 proteins tested by lipid dot blots, nine interacted strongly with one or more PI and in general interacted with PI3P, PI4P, PI5P and PI(3,5)P2 ( Figure 2B ). SPR confirmed the interaction of six of the nine proteins identified using lipid dot blots and identified an additional 17 PHD fingers as PI interactors. None of the PHD fingers interacted with PI(4,5)P2 when assessed by lipid dot blots but did when assessed using SPR. The expression of some proteins was very low (Low) indicating that they might be unfolded. Interaction assessed by SPR was characterised as strong (2) medium (1) or weak/noninteracting (0). The interaction of PHD fingers with histone tails was referenced to interaction with unmodified H3 tail peptide. H3 unmodified indicates that the PHD finger interacted more strongly with the unmodified H3 tail compared to methylated tails. H3K4me3 indicates preferential interaction with H3K4me3. 0 indicates that very little or no interaction was observed.
